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ABSTRACT
The purpose of this study was to determine the viability of growing potatoes
hydroponically with chicken waste as an alternative, more sustainable nutrient source in
substitute of fish waste in an aquaponics system. Hydroponics is a growing form of sustainable
agriculture which utilizes a water-based method to deliver nutrients to plants. Hydroponics is a
preferable alternative as it uses 90% less water than traditional agriculture, and does not
contribute to common agricultural issues such as land degradation. A popular form of
hydroponics is aquaponics, which combines hydroponic technology with aquaculture. The fish
waste in this system is the sole source of nutrients for the plants. The cost and difficulty of
maintaining the fish in this system can be an obstacle to farming communities, however. A
proposed alternative to the use of aquaculture is the use of chicken waste as a nutrient source.
Chicken waste is a much cheaper and more accessible resource for less developed farming
communities. It is also not as high maintenance as aquaculture, and contains a high content of
essential nutrients such as nitrogen, potassium, and phosphorus. Potatoes are the crop of choice
for this study due to their relatively high nutrient content, making it a popular staple crop in less
developed countries. If chicken waste proves to be an effective nutrient source for staple crops
such as potatoes in a hydroponic system, it may be a viable option for less developed farming
communities who are in need of sustainable alternatives to traditional farming practices.

INTRODUCTION
Hydroponics is a currently growing field in the agricultural industry which provides an
alternative, more sustainable method for growing crops as compared to traditional agriculture.
Hydroponics is essentially soilless farming that utilizes a nutrient-rich solution to nourish plants.
Plants receive nutrients primarily through a direct water-based delivery method, rather than
through the use of soil and fertilizer, such as in traditional agriculture (Lennard and Goddek,
2019). The nutrient-rich solution can either be provided by a man-made synthetic fertilizer or by
a natural alternative such as manure.
One natural alternative is the use of fish waste, in a specialized hydroponic system known
as aquaponics. Aquaponics is the combination of hydroponic technology with aquaculture, or the
raising and maintenance of fish. The fish provide a nutrient source for plants through the
production of their waste. A symbiotic relationship takes place between the fish and the plants,
which is fueled by the feeding of the fish (Lennard and Goddek, 2019). Worms and bacteria
present in the media bed serve as an intermediate between the fish and the plants, as these
organisms break down and process the fish waste into a useable form of nitrogen for the plants to
utilize. The entire system is one large, continuous loop, which consistently reuses water and
recycles nutrients, making it much more sustainable than traditional agricultural practices.
The use of hydroponics and aquaponics to grow commercial crops is a method that has
been explored quite thoroughly by the scientific community in recent years. Hydroponics and
aquaponics are an area of high interest due to their significantly decreased use of water and
resources, as well as their ability to produce crops year-round regardless of the growing season.
Traditional farming has led to and will continue to lead to severe land degradation and the
leaching of fertilizers into waterways, both being pressing issues in the agricultural industry

today (Yep and Zheng, 2019). About 38% of the world’s cropping area has been degraded and
deemed unusable for agriculture due to traditional agricultural practices, and this number
continues to grow by the day (Eswaran et. al. 2006). Hydroponic and aquaponic systems require
less space, less water, and less fertilizer, therefore making them a more viable alternative to
traditional farming. This yields an overall higher profit for farmers, as well as overall increased
food security. Hydroponics and aquaponics also tend to be viable options for areas that are
drought-prone and often lack quality water and land, since most aquaponic systems are about
90% more efficient with water use than traditional farming (Lennard and Goddek, 2019).
Aquaculture, however, can prove to be challenging in less developed countries with
limited resources. Providing food for the fish and maintaining a hospitable environment for the
fish to thrive in, from the pH to the temperature of the water and more, can be an obstacle for
these communities. Providing nutrition to the fish, specifically, is the most expensive aspect of
aquaculture, where it represents over half of the operating costs (El-Sayed, 2004). Although
aquaponics is a trendy take on sustainable agriculture, it may prove to be impractical to a vast
majority of farmers who have restricted access to the resources required to maintain proper
aquaculture.
An alternative, more sustainable solution to the use of aquaponics could be the use of
hydroponics with chicken waste. The use of chicken waste would be much more lowmaintenance and accessible to lower income farming communities. Not only is chicken waste
cheaper, but it is also available in a relatively endless supply. Many farming communities have
an overabundance of chicken waste and this would provide a beneficial outlet for the disposal of
this byproduct of raising chickens (Abou-Hussein et. al., 2003).

Chicken waste could also be viable in terms of nutrition in a hydroponic system, similarly
to how fish waste has proved to be in aquaponic systems. Chicken waste has been shown by past
studies to contain a high nitrogen, potassium, and phosphorus content. When it is applied to
potatoes specifically in traditional agricultural systems, it has been shown to produce a high
starch yield (Abou-Hussein et. al., 2003). Chicken waste may prove to be more efficient than fish
waste, but this idea must be explored through a comparison of the two in a hydroponic and
aquaponic setting, respectively.
A possible obstacle and a previous issue in aquaculture systems has been the carbon to
nitrogen ratio as a control element. One study by Avnimelech in 1999 found that controlling the
inorganic nitrogen by monitoring and manipulating carbon to nitrogen ratios was a potential
control method in aquaculture systems. They achieved this by feeding bacteria with
carbohydrates, which appeared to reduce the amount of inorganic nitrogen present in the system
(Avnimelech, 1999). This will be a possible important factor to consider and monitor, as chicken
waste has a high nitrogen content and will likely cause toxicity if it is in overabundance.
Monitoring the nitrogen to carbohydrate ratios will help to ensure the success of both the control
group being grown in aquaponics with fish waste, as well as the experimental group being grown
in hydroponics with chicken waste.
For exploring chicken waste as an alternative nutrient source, potatoes would be an
applicable crop of choice as they are a staple crop for many less developed countries. Potatoes
are the most efficient at fixing carbon dioxide into human food out of any plant on earth and are
nutritionally the most complete vegetable crop, with nutrients such as proteins and vitamin C.
Farming communities that rely on staple crops such as these have experienced serious issues in
recent years, ranging from high rates of debt to high suicide rates of farmers, in countries such as

India, due to the lack of viable farming land and therefore lack of food security (Rana 2011).
Providing a more accessible, sustainable form of agriculture for the staple crops in countries such
as these will help these communities thrive, both in terms of their health and their economies.
Potatoes are therefore a useful crop to study, as they have a large-scale application in many areas
of the world.
However, potatoes are not the most reliable crop to be grown in aquaponics systems, as
their composition as a root vegetable is not always ideal. They must be grown with consistent
temperature and sunlight and may not always produce very uniform-looking tubers (Corrêa et.
al., 2008). Although it is feasible, it is not ideal to grow potatoes in a submerged waterbed such
as those in traditional aquaponic and hydroponic systems.
Potatoes have also been shown to demonstrate difficulties growing in simple solution
culture before, which is when the roots of potatoes are submerged in an artificial solution. This is
similar to hydroponics, as the nutrients are being delivered to the plants via water. This study
showed the failure of growing potatoes in simple solution culture, most likely due to their
submersion in the water (Tibbitts and Cao, 1994).
A more successful ongoing study conducted by Wheeler has attempted to hydroponically
grow potatoes in a simulation similar to that of a spacecraft. This study utilized a large plant
chamber called the Biomass Plant Production Chamber, in which potatoes were grown in
hydroponic trays with solution tanks attached. The chamber simulated a tightly enclosed area for
plant growth in an environment similar to what would occur if the potatoes were to be grown in
space (Wheeler et al., 1996).
The darkened chamber portion was found to be beneficial considering that potatoes are
root vegetables, and their tubers prefer to grow in complete darkness. This is an important aspect

of growing potatoes, and a challenge in a system with open waterbeds such as in aquaponics and
hydroponics. When this idea is applied to future studies in typical hydroponic systems, it could
be beneficial to grow the potatoes in a dark enclosed system, such as a large barrel, with holes in
the sides to allow the sprouts to emerge and receive needed light for growth.
The study by Wheeler also determined that a system involving deep or standing water is
unfavorable for potato growth, as potatoes do not prefer to be submerged in water. The optimal
growing conditions that this study confirmed for potatoes was rather a very thin nutrient water
film. This idea further supports the reasoning for the failure of the previously mentioned study,
when the potatoes were fully submerged in a simple solution culture (Wheeler et al., 1996). An
alternative method for hydroponically growing potatoes is the use of aeroponics, which is a
specific form of hydroponics in which a misted nutrient solution is used rather than immersion.
This can be accomplished by placing the potatoes above the waterbed in a large barrel, as
mentioned beforehand, with the water and manure from the tank fed through a hose to the top of
the barrel, where this solution is then sprayed onto the roots of the potatoes. This eliminates the
issue of inadequate growth in deep waterbeds, and is the method that will be used to avoid the
complications accompanying submersion in aquaponics and hydroponics during our proposed
research.
Although potatoes have been documented in the past as being grown in aeroponic and
hydroponic systems, there is no apparent data on the use of chicken waste in an aeroponic system
to grow these tubers. Chicken waste has the potential to be both nutritionally and economically
valuable in the growth of potatoes, as it is an overabundant resource in many farming
communities and has the potential to be repurposed through its use in hydroponic systems. The

use of chicken waste could be a viable option for lower-income communities who lack the ability
to maintain and afford proper aquaculture as used in aquaponics.
Last semester, potato plants were successfully grown and yielded potatoes in each of the
systems, including the aeroponic barrel. Conclusive results were unable to be determined,
however, due to the extensive growth time of potato plants and our small sample size. For this
study, the process was repeated with a longer growth time and a larger sample size to generate
more conclusive results concerning the viability of chicken waste as a nutrient source for potato
plants in an aeroponic system.

MATERIALS AND METHODS
Red potatoes were cut and planted in soil with 1-2 eyes each. The cut potatoes were then
grown in potted soil for a total time of three weeks, as shown in Figure 1. The prototype for the
aeroponic barrel was then built for the potatoes to be planted in, as shown in Figure 2. Four
openings were created on the sides of the barrel for the potatoes to grow in. The roots inside the
barrel were watered by a hose attached to a spraying device with multiple holes drilled into the
sides, in order to create a misting effect that allowed system water to disperse evenly over the
roots.
Due to the experiment initially being performed last semester, there were no fish present
in the system and therefore none that needed to be removed before adding the chicken waste to
the aquaponics system. 1 kg of pelleted chicken waste was added to the Intag© Aquaponics
system, as shown in Figure 3.
Before planting the potatoes in their respective system, the height and number of leaflets
were recorded for each plant. Multiple potatoes were then planted in each system, with 4 in the
aeroponic barrel, 10 in the media bed, and 11 in the potted soil. The height and number of
leaflets for each potato plant were then recorded weekly. The soil of the potted potatoes was
watered as needed, when the soil appeared dry, with system water.
The system water was tested weekly for nutrient levels and water chemistry (nitrite,
nitrate, phosphorous, ammonia, dissolved oxygen, pH, temperature, and electrical conductivity).
Phosphoric acid was added periodically to lower the pH of the system to a favorable range for
potato growth. Iron supplements were added weekly to deter the development of chlorosis in the
leaves of the plants.

RESULTS
After taking final measurements and comparing them to the measurements when the
potatoes were first placed in the system, an average net growth and average net number of
leaflets grown were determined for each system. The average net growth for each of the systems
were 15.8 cm for the aeroponic system, 37.7 cm for the media bed, and 29.2 cm for the potted
system (Table 1). The average net number of leaflets grown for each of the systems were 78.5
for the aeroponic system, 97.3 for the media bed, and 78.5 for the potted system (Table 2).
Once the plants and their potatoes were harvested, each plant and plant’s potatoes were
weighed. The wet weight of the potatoes per plant were recorded (Table 3). The average wet
weight of the potatoes per plant for each system was 6.90 g for the aeroponic system, 0.51 g for
the media bed, and 20.27 g for the potted system.
The plants and potatoes were placed in a drying machine, and their dry weights were then
recorded (Table 3). The average dry weight of the potatoes per plant for each system was 2.95 g
for the aeroponic system, 0.16 g for the media bed, and 18.07 g for the potted system.
Finally, the root length of each plant was measured and recorded (Table 4). The average
root length for each of the systems was 37.8 cm for the aeroponic system, 19.3 cm for the media
bed, and 32.1 cm for the potted system.

DISCUSSION
The potatoes grew generally well in all three systems. In terms of net growth, the
potatoes in the media bed had the highest rate, while the potatoes in the aeroponic barrel had the
lowest (Figure 13). The potatoes in the media bed also had the highest rate of net leaflets grown,
while the potatoes in the potted system had the lowest (Figure 14).
There appeared to be a trend of increased growth within a more favorable pH range for
potato plants, specifically within the aeroponic and media bed systems. The pH was relatively
high (8.1-8.4), until phosphoric acid was added to lower it. Although phosphoric acid was added
during the first week, it did not stabilize to a neutral range until the 22nd day following a threeday consecutive addition of the acid to the system. Once stabilized (7.6-7.7), there was a notable
spike in the growth of the plants in the media bed and aeroponic system (Figure 15). This is
likely because potato plants prefer a more neutral, slightly acidic pH range of 4.8-6.5 in order to
achieve optimal growth rates (Boeckmann, 2019).
The largest mass of potatoes per plant was produced in the potted system. The second
largest, notably, was in the aeroponic system. Considering the spike in plant growth following
the stabilized pH, the aeroponic system has the potential to achieve increased tuber growth
following a consistent, neutralized pH accompanied by a longer growth time before harvesting.
It is also important to note the aeroponic system generated the longest average root
length. This is significant due to the composition of potato plants as tubers, meaning the potatoes
grow attached to their roots. The successful growth of roots in the aeroponic system is a
promising indicator that, given more time, the plants held potential to successfully yield more
potatoes from their roots.

For future research, the pH of the tank should be monitored and adjusted to the optimal
range to maximize growth. The basicity of the chicken waste is likely the main component
serving as a buffer, and therefore is a factor that needs to be actively recognized and countered
by the addition of acid. Additionally, nutrient analyses may be used on the potatoes to gauge the
success of their growth more accurately. Future studies would also benefit from a longer growth
time before harvesting.
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FIGURE LEGENDS
Figure 1. Growing the potatoes before placing them in their respective systems.
Figure 2. The water flow direction and names of the parts of the Intag© aquaponics system are
depicted. The red arrows indicate the water flow from the tank, and the yellow arrows indicate
the water flow back into the tank.
Figure 3. Adding a kilogram of pelleted chicken waste to the system.
Figure 4. One of the plants on day 1 after being transferred to the aeroponic barrel.
Figure 5. The ten plants on day 1 transferred to grow in the media bed.
Figure 6. One of the four potatoes growing in the aeroponic barrel on the 17th day at a pH of 8.2
(left figure) vs. on the 22nd day at a pH of 7.6 (right figure).
Figure 7. One of the aeroponic barrel plants before harvesting on day 36.
Figure 8. The ten plants in the media bed before harvesting on day 36.
Figure 9. The eleven plants in the potted system before harvesting on day 36.
Figure 10. The four plants in the aeroponic barrel after harvesting.
Figure 11. A close-up look at the potatoes’ attachment to the rooting system on one of the plants
from the aeroponic system.
Figure 12. The potatoes of one of the plants from the potted system after harvesting.
Figure 13. Average daily net growth (cm) per plant of each system.
Figure 14. Average number of leaflets grown per plant of each system.
Figure 15. pH and average number of leaflets grown per plant in the aeroponic system.
Figure 16. Average root length (cm) per plant of each system.
Figure 17. Dry weight vs. wet weight of potatoes per plant of each system.

TABLES
System
Average net growth (cm)
Barrel
15.8
Media bed
37.7
Potted
29.2
Table 1. Average net growth per plant based on system.

System
Net # of leaflets
Barrel
78.5
Media bed
97.3
Potted
55.5
Table 2. Average net number of leaflets grown pre plant based on system.

System
Barrel
Media bed
Potted

Wet weight of potatoes
per plant (g)
6.90
0.51
20.27

Dry weight of potatoes
per plant (g)
2.95
0.16
18.07

Table 3. Wet weight vs. dry weight of potatoes per plant based on system.

System
Barrel
Media bed
Potted

Root length (cm)
37.8
19.3
32.1

Table 4. Average root length per plant based on system.
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